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Abstract 
Coal is used as the main source of heat energy in brick firing. Since the current utilisation of coal is not ideal in brick kilns, 
pollution of the environment and gross inefficiency have become its characteristics. The analysis of the contribution of the life 
cycle stages of building brick to the overall environmental load, using the software SimaPro 5, helps us in prioritising the 
damaging factors to be curbed. It is seen that the damages caused to human health, energy resources and ecosystem quality are 
highly from the usage of coal in brick kiln as well as usage of electricity produced from coal power plants. Hence improvement 
measures are to be first targeted to the coal and electricity use. Efficient use of coal, through advanced technology or improved 
combustion techniques, could indeed lead to cleaner production, reducing harmful emissions.  
© 2016 The Authors.Published by Elsevier Ltd. 
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1. Introduction 
Coal is a popular energy source in building brick manufacture. 40 million tons of coal are being consumed by the 
Indian brick sector every year. Overall specific energy consumption of the brick sector amounts to 5.33 MJ/brick. In 
addition, the brick industry’s annual average consumption of electricity is 322.18 million kWh. Out of the total 
production cost of bricks, average energy cost accounts for about 33%. Also the use of coal is a source of pollution, 
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which quite often crosses the environmental standards [1]. Coal is usually of low quality and can have high sulphur 
contents [2].  
Emissions generated from manufacturing of bricks are mainly from the handling of raw materials, processing and 
plant maintenance. Particulates, sulphur dioxide, oxides of nitrogen, carbon monoxide, acids etc. are a few among 
the air emissions resulting from clay brick production [3]. 
There is room for improvements in energy efficiency and pollution mitigation [4]. The amount of coal that can be 
saved through energy efficiency improvement can serve as saving of environment and reduction in pollution.  
The environmental impact from the emissions caused directly and indirectly at various stages of the life cycle of 
brick right from the excavation of clay till disposal of brick after use is disastrous. Life Cycle Assessment (LCA) of 
the brick is done through Characterisation, Normalisation, Damage Assessment and Weighting using the software 
SimaPro 5. 
2.  Life cycle assessment (LCA) of brick 
In the LCA technique, the complex technical system that is used to produce, transport, use and dispose of a building 
brick is considered. This results in a flow sheet with all relevant processes. Life cycle inventory (LCI) result can be 
translated with a number of impact categories such as climate change, acidification etc.  
2.1  Definitions 
The goal, scope, functional unit, boundaries etc. of the LCA analysis of brick are defined below. 
Goal 
The goal is to evaluate the environmental damage caused by the production, transport, use and disposal of brick and 
to propose solutions to reduce the damage. 
Scope 
A brick manufacturing method resulting in very low air pollution and less wastage during each unit operation can be 
evolved. 
System 
The system studied comprises of the clay excavation, mixing of clay paste, forming of green brick, drying and firing 
of brick, loading and unloading of brick, transportation of brick to the user point, use of brick for construction and 
disposal of brick after its life span. 
Functional Unit 
The functional unit is a clay brick used for building construction. Average life of the brick is assumed to be 25 
years. While manufacturing the bricks, about 6% of the total weight goes as waste or recycled. Hence the material 
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quantities required for manufacture of brick are multiplied by a factor 1.06. 
Boundaries 
The boundaries of the study are: 
clay excavation from the local land and utilizing coal as kiln fuel and the end of life of the brick. 
The LCA study is performed by using SimaPro 5.0 code and the tool Eco-indicator 99(E). 
Average life of brick is assumed as 25 years. 
The brick in Fig. 1 is considered for study.  
 
Fig. 1  Brick chosen as functional unit (All dimensions in mm) 
2.2  Results and discussions 
2.2.1  Characterisation 
Characterisation factors reflect the relative contribution of LCI result to the impact category indicator result. 
Using SimaPro, a list of LCI results are generated and a characterisation factor is added to it.  
From the Characterisation chart, i.e. Fig. 2, it is clear that the coal used as fuel  in  kiln  and the electricity from 
the coal power plant contribute to most of the impact categories. Characterisation factors, arising from coal use, 
corresponding to the carcinogenic substances, acidification/eutrophication and land use are 55.3%, 35.8% and 37% 
while those corresponding to the use of electricity generated from coal power plant are 44.7%, 60.2% and 28% 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Characterisation of the impact categories 
 
Contribution of coal use towards ozone layer depletion, ecotoxicity and ionising radiation is 56.5% each and the 
remaining part is from electricity use. Combustion of coal also results in the respiratory effects due to organics and 
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inorganics amounting to 53.2% and 31.4% whereas those from electricity coal power plant are 44.6% and 66.4% 
respectively. Depletions of minerals and fossil fuels caused from coal firing account for 43.5% and 57.6% 
respectively, the remaining is exclusively from the electricity use. Climate change is mainly caused by the electricity 
from coal power plant to the extent of 87% whereas the balance is resulted from coal combustion. Almost 32.6% of 
the land use is by the transportation vehicles. As far as acidification/eutrophication is concerned, contribution of 
sand and truck are 3% and 1% respectively. Water and clay do not directly contribute to pollution as far as brick 
manufacture is concerned.  
2.2.2   Damage Assessment 
In the Eco-indicator 99 method, the 11 impact category indicators are grouped into just three, as shown in Fig. 
3, without subjective weighting.  Interpreting three indicators at the end point level is much easier. 
It is clear from the Damage Assessment chart, i.e. Fig. 4, that the human health is mainly affected by the 
emissions from coal combustion in kiln as well as electricity use from coal power plant to an extent of 44.1% and 
55.9% respectively. Regarding ecosystem quality, the contribution from coal burning and electricity use is 40.9% 
each whereas that from transportation is 17.2%. Energy resources also are affected by the emissions from coal firing 
and electricity use to an extent of 57% and 43% respectively.  
 
 
Fig. 3   Grouping option in the eco-indicator 99 method 
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Fig. 4  Damage assessment from factors considered 
 
2.2.3   Normalisation 
Normalisation shows to what extent an impact category has significant contribution to the overall 
environmental problem. From  the  Normalisation chart,  i.e. Fig. 5,  it is obvious that for impact on human health,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5  Normalisation of impact categories 
 
out of  the value  0.000119, burning of coal in kiln contributes 0.000052 i.e. 44.1% and the balance is resulted from 
electricity utilization. With respect to ecosystem quality, out of 1.18E-5, contributions from coal and electricity are 
0.5E-5 (40.9%) each and the remaining is from transportation. As far as energy resources are concerned, out of 
0.000512, the contribution from coal used in brick kiln is considerable viz. 0.00029 (57%) and the remaining is from 
electricity use.  
Hence through normalisation, the impact categories that contribute only a very small amount compared to other 
impact categories can be identified. They can be left out of consideration, thus reducing the number of issues that 
need to be evaluated. As far as human health and resources are concerned, the coal combustion and coal power 
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generation require more attention i.e. sand and truck can be left out. Regarding ecosystem, the impact of sand can be 
neglected and only coal firing and electricity use need be concentrated. 
The normalised results show the order of magnitude of the environmental problems generated by the life cycle 
of brick, compared to the total environmental loads. 
2.2.4 Weighting 
Using SimaPro, weighting factors are assigned for the damages to human health, ecosystem quality and energy 
resources. Evidently, from the weighting chart, i.e. Fig. 6, the coal causes the highest  damage  to  the human  health 
as well as energy resources. The detrimental impact to the ecosystem quality is mainly shared by the coal and the 
transport. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6  Weighting of impact category 
 
2.2.5  Single Score 
Single score based on damage category and per impact category are shown in Fig. 7 & Fig. 8 respectively. 
Obviously, from Fig. 8, the coal and electricity use considerably affects  the human health, energy resources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7  Single score – per damage category 
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and quality of the ecosystem. In the life cycle of a brick, it is also the major source of respiratory effects due to 
inorganics, depletion of fossil fuels, climate change and acidification/eutrophication. This is evident from Fig. 8. 
Transportation also calls for efficiency improvement with an aim to reduce pollution, as far as possible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8  Single score-per impact category 
 
3.  Conclusion 
The brick making units in India are facing the threat of closure due to their inefficient practices of producing 
burnt bricks which, in turn, results in huge atmospheric pollution. Study of the environmental load focusing on the 
life cycle of a brick helps us in prioritizing curbable damaging factors. Coal used in brick kiln causes damages to 
human health, ecosystem quality and energy resources.  It is on this context that the energy efficient and 
environmentally sound technology like VSBK (Vertical Shaft Brick Kiln) and improved combustion techniques help 
the brick making units to reduce the specific energy consumption and pollutant emissions. 
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